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ABSTRACT
DETERMINING PESTICIDE AND NITRATE LEVELS IN SPRING WATER 
IN NORTHWEST ARKANSAS
Occurrences o f  p e s t ic id e s  in  our na t ions  ground w a te r are on 
the  r i s e .  As s ta te s  become aware o f  t h i s  problem and begin 
m o n ito r in g  programs, inc idence  o f  con tam ina tion  w i l l  p robab ly  
in c rea se . Since the  problem o f  p e s t ic id e s  in  groundwater is  
r e l a t i v e l y  new, l i t t l e  research has centered on the fa te  o f  
p e s t ic id e s  a f t e r  they  reach the  groundwater environment. In 
Northwest Arkansas e f f o r t s  to  m on ito r  groundwater f o r  p e s t ic id e s  
have been sm a ll .  T w e n ty - f iv e  sp r ings  in  Northwest Arkansas were 
sampled in  the  f a l l  o f  1988, and s p r ing  o f  1989. A n a lys is  f o r  
a t ra z in e ,  a la c h lo r ,  m e to la c h lo r ,  d iu ro n ,  and simazine in  sp r ing  
w a te r was preformed using gas l i q u i d  chromatography and high 
performance l i q u i d  chromatography. No d e te c ta b le  res idues  o f  any 
o f  the  se lec ted  p e s t ic id e s  were found. Northwest Arkansas is  a 
le ade r  in  p o u l t r y  p ro d u c t io n .  Much o f  the  manure from p o u l t r y  
houses is  spread on the  sourounding pas tu res . As t h i s  l i t t e r  
decomposes n i t r a t e s  and phosphates are re leased . N i t r a te  and 
phosphate co n ce n tra t io n s  were a lso determined on water from the 
s p r in g  samples. No sp r ing  exceeded the EPA's l i m i t  o f  45 mg/L f o r  
n i t r a t e  in  d r in k in g  w a te r.  The h ighes t  co n c e n tra t io n  f o r  phosphate 
in  any s p r in g  was 1.05 mg/L.
T. L. Lavy, B. A. Dehart and J . D. M a tt ice
Completion Report to  the U. S. Department o f  the  I n t e r i o r ,  
G eo log ica l Survey, Reston, VA, June 1989.
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INTRODUCTION
A g r ic u l t u r e  is  dependent upon p e s t ic id e s  and f e r t i l i z e r s  to  
inc rease  p r o d u c t i v i t y  and e f f i c ie n c y .  Concern over recen t 
occurrences o f  these chem icals in  ground water has prompted many to  
ques tion  the  s a fe ty  o f  us ing them. Some areas in  which p e s t ic id e s  
are used in  Northwest Arkansas in c lu d e  pas tu res , r ig h t -o f -w a y s ,  
fence rows, and h o r t i c u l t u r a l  crops and lawns. Northwest Arkansas 
is  a lso  a le a d e r  in  p o u l t r y  p roduc tion  and much chicken manure is  
spread on pastures surround ing  ch icken houses as a means o f  
d is p o s a l .  Since on ly  l im i te d  groundwater m o n ito r in g  e f f o r t s  f o r  
p e s t ic id e s  have been completed, and s ince  no p e s t ic id e  m on ito r in g  
has occurred on wa te r from sp r ings  in  Northwest Arkansas t h i s  study 
was t im e ly  and im p o r ta n t .
I t  has been suggested th a t  worldw ide a la rg e  p ro p o r t io n  o f  
human energy is  spent weeding o f  crops (Personal Communication, R.E. 
T a lb e r t ,  Un iv . o f  Arkansas, F a y e t t e v i l l e . ,  1988). Spraying o f  
h e rb ic id e s  to  c o n t ro l  weeds makes the fa rm er more e f f i c i e n t ,  
enab ling  him to  produce food a t a much lower c o s t .  In s e c t ic id e s  
save crops from in s e c t  damage which can d r a s t i c a l l y  reduce y ie ld s  
o r  com p le te ly  o b l i t e r a t e  a c rop , c o s t in g  the farm er thousands o f  
d o l la r s  per ye a r .
In g e n e ra l,  when used p ro p e r ly ,  these chemicals are safe and 
e f f e c t i v e .  They can be hazardous to  humans when ingested o r  when 
l e f t  in  c o n ta c t  w i th  the s k in .  L i t t l e  is  known about the r e s u l t s  o f
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lo n g - te rm  human exposure to  low co n ce n tra t io n s  o f  farm chem ica ls ; 
such exposure can take  p lace from d r in k in g  water contaminated w i th  
p e s t ic id e s .  H a l f  o f  t h i s  n a t io n 's  re s id e n ts  are dependent upon 
ground w a te r f o r  d r in k in g  w a te r .  Rural re s id e n ts  depend upon ground 
w a te r f o r  80% o f  t h e i r  d r in k in g  and l i v e s to c k  wa te r (LeVeen, 1985). 
P e s t ic id e  p o l l u t i o n  o f  ground water could pose a se r ious  hea lth  
problem to  the American p u b l ic .
A. Purpose and O b jec t ive s
The Northwest co rne r  o f  Arkansas has many sp r ings  where 
groundwater f low s  to  the s o i l  s u r fa ce .  Many o f  these sp r ings  are 
e a s i ly  a c c e s s ib le  to  sampling and are used f o r  d r in k in g  water by the 
r u ra l  r e s id e n ts .  Since l i t t l e  p e s t ic id e  m o n ito r in g  has taken place 
in  Northwest Arkansas to  da te , i t  was deemed im portan t t h a t  we 
gathered data on the amount o f  p e s t ic id e ,  n i t r a t e  and phosphate 
con tam ina tion  in  these s p r in g s .  Th is  in fo rm a t io n  w i l l  a l lo w  a 
b a se l in e  to  be e s ta b l is h e d  to  eva lua te  f u r t h e r  m o n ito r in g .  
F o l low in g  are the  o b je c t iv e s  o f  t h i s  s tudy:
1. Sample se lec te d  sp r ings  in  Northwest Arkansas and analyze the 
sample f o r  se lec ted  p e s t ic id e s ,  n i t r a t e s  and phosphates.
2. Re-sample any sp r ings  found to  be contaminated w i th  p e s t ic id e s ,  
and ga the r  in fo rm a t io n  about p e s t ic id e  use and land management.
B. Related Research and A c t i v i t i e s
P o l lu t io n  o f  groundwater is  w ide-spread, and the U.S. EPA 
in d ic a te s  t h a t  p re s e n t ly  17 a g r ic u l t u r a l  chemicals have been
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de tec ted  in  23 s ta te s  (H a l lb e rg ,  1986). As more s ta te s  in s t ig a te  
m o n ito r in g ,  these t o t a l s  are expected to  r i s e .  Other s ta te s  have 
experienced problems w i th  p e s t ic id e  con tam in a tion ;  among them is  
W isconsin . The Centra l Sands reg ion  o f  t h i s  s ta te  is  an area o f  
porous sandy s o i l s  and sha llow  water ta b le s  (McW ill iam s, 1984). 
A la c h lo r  and a t ra z in e  have been found in  the groundwater o f  the  Sand 
H i l l s  Region o f  Nebraska, an area a lso  having sandy s o i l s  and a 
sha l low  water ta b le  (Spa ld ing  e t  a l . 1980; Bre jda e t  a l . 1988). 
S o i ls  in  Northwest Arkansas have r e l a t i v e l y  small amounts o f  c la y  
and o rgan ic  m a tte r ,  and most s tud ie s  o f  p e s t ic id e  le ach ing  show th a t  
as these two s o i l  c o n s t i tu e n ts  decrease leach ing  w i l l  inc rease .
In S u l l f o l k  County New York, a ld ic a rb  (2 -m e th y l-2 - (m e th y l th io )  
prop iona ldehyde-O -(m ethycarbam oyl))  res idues  o f  7 ppb o r  g re a te r  
have been found in  1,121 (13.5  %) o f  8,404 w e l ls  sampled. F i f t y  
percen t o f  the contaminated w e l ls  conta ined co n ce n tra t io n s  o f  
a ld ic a rb  between 8 and 50 ug/L , 32% had between 31 and 75 ug/L and 
16% had le v e ls  g re a te r  than 16 ug/L . The N a tiona l Academy o f  
Sciences recommends 7 ug/L as safe upper l i m i t  in  d r in k in g  water 
(Z a ik  e t  a l . 1982).
In the  C entra l Sands reg ion  o f  Wisconsin a ld ic a rb  res idues  have 
been de tec ted  in  93 t e s t  o r  domestic w e l ls  near po ta to  ( Solanum 
tuberosum. (Urgens D .) )  f i e l d s  where i t  was used. The U.S. EPA 
s ta te s  th a t  these res idues  were the  r e s u l t  o f  normal a g r ic u l t u r a l  
use and not cases o f  abuse (McW ill iam s, 1984).
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Fourteen w e l l s  in  the Centra l  P la t t e  reg ion  o f  Nebraska, known 
to  con ta in  high l e v e l s  o f  n i t r a t e  were sampled in  1980. A t raz ine  
( 2 - c h l o r o - 4 - ( e t h y l a m i n o ) - 6 - ( i sop rop y l  ami n o ) - s - t r i a z i n e )  l e v e l s  were 
found in  a l l  14 o f  the w e l l s  w i th  concen t ra t ions  rang ing from 0.06 
ug/L to  3.12 ug/L .  A la c h lo r  ( 2 - c h l o r o - 2 ' , 6 ' - d i e t h y l - N -  
(methoxymethyl) a c e t a n i l i d e )  l e v e l s  ranged from 0.01 ug/L to  0.71 
ug/L (Spald ing e t  a l . 1980).
In the Uni ted Sta tes 691.6 m i l l i o n  hectares (ha) are sprayed 
w i th  p e s t i c i d e s  each year ,  and 543.4 m i l l i o n  hectares are t re a te d  
w i th  f e r t i l i z e r  (LeVeen, 1985).  Al though o the r  areas o f  Arkansas 
are more i n t e n s i v e l y  farmed than Northwest Arkansas, p e s t i c id e s  are 
f r e q u e n t l y  used here.
L i t t l e  m on i to r in g  o f  groundwater f o r  p e s t i c i d e s  has taken place 
in  Northwest Arkansas.
Table 1 l i s t s  the p e s t i c id e s  f r e q u e n t l y  used in  Northwest 
Arkansas f o r  which the spr ings  have been analyzed. Simazine (2- 
c h l o r o - 4 , 6 - b i s ( e t h l a m i n o ) - s - t r i a z i n e )  i s  used in  Northwest Arkansas 
f o r  c o n t ro l  o f  annual grasses and broadleaves in  es tab l ished  
bermudagrass ( Cynodon d a c t y l i o n  (L .Persoon) ) pastures.  
H o r t i c u l t u r a l  crops such as grapes (V i t i s  l a b r i s c a  ( L . ) ) ,  and 
b la c k b e r r ie s  ( Rubus canadensis ( L . ) )  are grown in  Northwest Arkansas 
and d iu ro n  ( 3 - ( 3 , 4 - d i c h l o r o p h e n y l ) - l , l - d i m e t h y l u r e a )  i s  popu la r  f o r  
c o n t r o l l i n g  grasses and b road lea f  weeds in  these crops (Berg,  1986). 
A t ra z in e  and a l a c h lo r  do not  rece ive  as much use in  Northwest
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Table 1
Chemicals Analyzed fo r  In Spring Study
Common Name Trade Name Chemical Name
Atrazine (Aatrex) 2 - c h l o r o - 4 - ( e t h y l a m i n o ) - 6 - ( i s o p r o -  
py lamino)-s- t r iaz ine
Al achlor (Lasso) 2-chl oro-2 ' , 6 '  -d ie thy l  -N-methoxymethyl) 
acetan i l ide 2-chloro-N-(2,6 d ie th y l -  
phenyl) -N-methoxymethyl acetamide)
Diuron (Karmex) 3 - (3,4-dichlorophenyl) - 1 ,1 -dimethyl urea
Simazine (Princep) 2-chl oro-4 ,6 -b is (e thy l  amino)-s-t r iaz ine
Metolachlor (Dual) 2-ch loro-N-(2-e th y l -6-methyl phenyl)-N- 
(2-methoxy-l-methyl e th y l ) acetamide
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Arkansas as other compounds but have been found in ground water in 
other parts o f the country (H allberg, 1986; C avalier, 1988).
N itra te  and phosphate contamination o f ground water in 
Northwest Arkansas has not been a problem (1989; Brown and W ill is ,  
1984; Steele and Adamski, 1987) however, Northwest Arkansas is  a 
top producer o f p o u ltry , and app lica tions o f p o u ltry  l i t t e r  are made 
to  a g r ic u ltu ra l land here. As po u ltry  l i t t e r  decomposes, n itra te s  
and phosphates can be released (Gilmour et a l . 1987). N itra tes  have 
the a b i l i t y  to  leach because they are not adsorbed to  s o il c o llo id s  
due to  th e ir  negative charges. This a b i l i t y  to  leach causes 
n itra te s  to  be found in  groundwater. Since phosphates as a general 
ru le  are adsorbed more re a d ily  to  the so il they are more immobile 
and are found in  lower concentrations in  water.
METHODS AND PROCEDURES 
A. Spring S ite  Descriptions
Spring loca tions (Figures 1 & 2) were selected w ith the help 
o f Soil Conservation Service personnel and others fa m ilia r  w ith 
Benton and Washington counties.
The water flow ing from these springs finds many uses. Rural 
residents use spring water fo r  d rin k in g , washing , bathing, to  water 
liv e s to c k , to  ir r ig a te  crops and to supply fresh water to  minnow 
farms and tro u t hatcheries. Water from some s ite s  flows from caves 
which house the threatened Ozark cavefish (Amblopsis rasae) and the 
endangered gray bat (Myotis grisescens).
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A descrip tion  o f each s i te  and some o f i t ' s  cha rac te r is t ics  fo llows.
Benton County Sites (Figure 1).
1B- This s i te  is  located in Cave Springs AR. The flow o f th is  
spring is  approximately 1892 l i t e r s  (L) (500 gal) per minute. 
Water from the spring is  used fo r  a t ro u t  hatchery operation. 
The cave from which the water flows is  home to the cavefish and 
gray bat.
4B- S ite located near Siloam Springs, AR. The flow o f here is 
approximately 378 L per minute. The main use o f th is  water is  
to  supply a pond o f approximately 0.5 hectares (ha).
5B- Located near Centerton, AR. This spring flows approximately 
946 L per minute, and feeds a small stream 1-2 meters wide.
6B- Located near Centerton, AR. Flow is  greater than 3785 L per 
minute. This spring is  the main source o f water fo r  the
Centerton Fish Hatchery owned by the Arkansas Fish and Game 
Commission.
8B- Located near Centerton, AR. Flow is greater than 3785 L per 
minute. This s i te ,  known as the C iv i l  War Cave, houses
cavefish and gray bats.
12B- Located in Springtown, AR. Flow is  greater tha 3785 L per 
minute. Many residents get th e i r  drink ing water from th is  
spring.
14B- Located near Avoca, AR. Flow is  less than 378 L per minute. 
S ite  is  located along county road and is  used fo r  drinking
7
BENTON COUNTY
Figure 1
Location (■) o f springs sampled in Benton County
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water.
15B- Located approximately 10 kilometers (km) east o f Siloam 
Springs, AR. Flow is  greater than 3785 L per minute. This 
s i te  houses Ozark cavefish and gray bats.
18B- Located near Maysville , AR. Flow is  approximately 3785 L per 
minute. Spring feeds a pond o f approximately 1 ha in size. 
Owner also uses th is  water fo r  drink ing and to water l ives tock .
19B- Located near Decatur, AR. Flow is  approximatley 37 L per 
minute.
21B- Located near H ig h f i l l ,  AR. Flow is  less tha 37 L per minute.
22B- Located on highway 102 approximately 1 km east o f Decatur, AR. 
Flow is  approximately 378 L per minute. Water is  used fo r  
d r ink ing by local residents.
25B- Located at lake Atlanta near Rodgers, AR. Flow is  greater than 
7570 L per minute. Spring feeds lake Atlanta which is  the main 
source o f  water fo r  Rodgers residents.
30B- Located in Decatur, AR. Flow is  approximately 1892 L per 
minute. Water is  used fo r  d r ink ing.
Washington County Sites (Figure 2).
18W- Located approximately 4 km east o f F a ye tte v i l le ,  AR on Highway 
45. Flow is  less than 37 L per minute. Water from th is  spring 
feeds a pond o f approximately 0.5 ha. which is  used fo r  
l ive s to ck  water.
20W- Located approximately 2 km north o f F a ye tte v i l le ,  AR, on
9
WASHINGTON COUNTY
Figure 2
Location (■) o f springs sampled in Washington County
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Highway 112. Flow is 1892 L per minute. Water from th is  s i te  
is  used fo r  d r ink ing by local residents.
21W- Located near Cane H i l l ,  AR. Flow is  greater than 3785 L. per 
minute. Water feeds a pond o f approximately 0.25 ha and is 
also used fo r  drink ing and watering l ives tock .
22W- Located near Cane H i l l ,  AR. Flow is  approximately 378 L. per 
minute. Water from th is  s i te  feeds a small stream.
23W- Located in Cane H i l l ,  AR behind the Cane H i l l  College. Flow 
is  approximately 378 L per minute. Water is  used by the 
residents o f Cane H i l l  fo r  d r ink ing .
27W- Located near Praire Grove, AR. Flow is greater tha 3785 L per 
minute. Water feeds a small creek.
34W- Located approximately 2 km west o f Farmingtom, AR. Flow is 
less than 37.8 L per minute. Water feeds a small pond where 
l ive s to ck  water.
40W- Located near Elkhorn, AR. Flow is  1892 L per minute. Water 
feeds a small pond approximately 0.5 ha.
41W- Located near Praire Grove, AR. Flow is  approximately 378 L per 
minute. Water is used by local residents fo r  d r ink ing .
50W- Located approximately 3 km east o f Springdale, AR on Highway 
68. Flow is  approximately 1892 L per minute. Water feeds two 
ponds o f approximatley 0.5 ha apiece and is  used fo r  drink ing 
by loca l res idents. A la n d f i l l  is  located 1 km north and 
u p h i l l  o f  th is  s i te .
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51W- Located south o f Tontitown, AR approximatley 5 km. on Highway
84. Flow is  approximatley 378 L per minute. Water is fo r
d r ink ing by local residents.
B. Sampl i nq
Four o n e - l i te r  brown glass ja rs  were used to gather samples 
from each spring. Styrofoam cups were used to scoop up the 
springwater and pour i t  in to  the ja r  as opposed to submersing the 
ja r  in to  the spring. This method insured tha t any contamination on 
the outside o f the ja r  would not get ins ide. A new cup was used fo r  
each s i te .  The ja rs  were labeled and immediately c h i l le d  on ice to 
prevent any degradation o f contaminates while they were in transport 
to  the labora tory . Once at the laboratory the samples were stored 
in a cold room at 1 C fo r  approximately 10 months. At the time the 
samples were stored a o n e - l i te r  sub-sample from each s i te  was 
f o r t i f i e d  to  give a concentration o f 5 ug/L o f atrazine, a lach lor, 
metolachlor, d iuron, and simazine. Spring water was analyzed fo r  
the fo llow ing  water soluble herbicides: atrazine, a lach lor, diuron, 
simazine and metolachlor (Table 1). Since analysis o f the samples 
was time-consuming, there was a delay from the time the samples were 
co llec ted to when they were analyzed. Use o f the f o r t i f i c a t io n  
procedure allowed us to  account fo r  degradation o f any o f the 
po ten tia l po llu tan ts  tha t might have occured p r io r  to analysis. I f  
degradation o f the chemicals was occurring in the stored water, then 
an equivalent degradation would be shown from analysis o f the
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f o r t i f ie d  5 ug/L sample.
C. Extraction
E xtractions were modified from the methods o f Cavalier (1988). 
C-18 e x trac tion  was employed in th is  research fo r  a ll compounds 
using a Baker 10 Extraction System w ith  suction. Three m i l l i l i t e r  
(mL) C-18 ca rtridges were pre-conditioned by passing two column 
volumes o f methanol (MeOH) through them to  remove im pu rities  
deposited on them during th e ir  production. Following the MeOH, two 
column volumes o f deionized water were passed through the column to 
remove any MeOH. The C-18 m ateria l was not allowed to dry out 
during these steps. Spring sample a liquo ts  and lab fo r t i f ie d  
a liqu o ts  o f 75 ml were then passed through the C-18 columns at a 
flow  ra te  o f one to  two drops per second. A fte r passage o f the 
sample a liqu o ts  the C-18 m ateria l was vacuum dried fo r  10 minutes 
to  remove any trace amounts o f water. Three 0.5 mL a liquo ts  o f MeOH 
were passed through the columns to  remove any pestic ides tha t 
re ta ined the C-18. MeOH was co llected  in 2 mL volum etric flasks and 
evaporated using a Nitrogen Evaporation system w ith a water 
temperature o f 45° C. Samples analyzed by High Performance Liquid 
Chromatography (HPLC) (a traz ine , diuron) were brought up to  a to ta l 
volume o f 2 mL w ith  64% deionized water, 35% a c e to n it r i le ,  1% acetic 
acid , and 3 mM te r t-b u ty l ammonium bromide. Two mL o f hexane were 
added to  samples analyized by Gas Chromatography, (a lach lo r, 
m etolachlor, a traz ine , and simazine), and flasks  were shaken fo r  one
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minute. Percent recoveries fo r  the selected pestic ides are l is te d  
in Table 2.
D. Analysis 
A lach lo r
Analysis fo r  a lach lo r was preformed on a Perkin Elmer Sigma I 
Gas Chromatograph using a e lectron capture de tecto r. Two columns 
were used 1) 15 M x 0.53 mm SPB-608 w ith  flow  ra te  o f 5 mL per 
minute and column, in le t ,  and de tecto r, temperatures o f 210, 250, 
and 400° C, respective ly  and 2) 15 M x 0.53 mm SPB-5 w ith flow  ra te  
o f 5 mL per minute and column, in le t ,  and detector temperatures of 
170, 250 and 400° C, respective ly .
M etolachlor
Analysis fo r  metolachlor was also performed on a Perkin Elmer 
Sigma I Gas Chromatograph using a e lectron capture detector and two 
columns 1) 15 M x 0.53 mm SPB-608 w ith flow  ra te  o f 5 ml per minute 
and column, in le t ,  and de tecto r, temperatures o f 210, 250, and 400° 
C, re spec tive ly , and 2) 6 ' x 2 mm id  3% SP-1000 on 100/200 
Supelcoport, w ith  column, in le t ,  and detector temperatures o f 140, 
250, and 350° C, respective ly .
A trazine and Simazine
Atrazine and simazine analysis was preformed using both gas and 
l iq u id  chromatography techniques. A Perkin Elmer Sigma I Gas 
Chromatograph equipped w ith  a nitrogen-phosphorus de tecto r, a 15 M 
x 0.53 mm Sup-Herb column and a flow  ra te  o f 15 ml per minute was
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T a b le  2
R e c o v e ry  D a ta  f o r  F o r t i f i e d  S a m p le s
P e s t i c i d e
L a b  F o r t i f i e d  
10 p p b
F i e l d  F o r t i f i e d  
5 p p b
A l a c h l o r
X
SD
% R ec
8 .4
1 .6 9
8 4 . 0
4 . 0  
. 8 2 5
8 0 . 0
M e t o la c h lo r
X
SD
% Rec
9 . 2 6
1 . 2 0
9 2 . 6
5 . 4 5
. 7 3 5
1 0 9 . 0
A t r a z in e
X
SD
% Rec
9 . 8 5
2 . 3 0
9 8 . 5
4 . 8 0
2 . 5 5
9 6 . 0
S im a z in e
X
SD
% Rec
9 . 8 3
3 . 5 0
9 8 . 3
5 . 3 0
1 . 2 5
1 0 6 . 0
D iu r o n
X
SD
% Rec
8 . 7 2
1 . 6 4
8 7 . 2
5 . 6 5
1 .1 0
1 1 3 .0
X -  A v e ra g e
SD -  S ta n d a rd  D e v ia t io n
% R ec -  % R e c o v e ry
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used. Column, in le t  and detector temperatures were 170, 250, and 
400° C, re spec tive ly . A Waters Associates HPLC was used. The 
mobile phase was 64% deionized water, 35% a c e to n it r i le ,  1% acetic 
acid and 5 Mm te r t-b u ty l ammonium bromide, flow ing at 1.5 ml per 
minute. The column was a C-18 Whatman PartShpere and the detector 
was an u lt ra  v io le t  type w ith absorption at 254 nm.
Diuron
Only HPLC methods were used fo r  diuron and are the same as 
those fo r  a traz ine and simazine.
N itra te  and Phosphate Analyses
N itra te  analysis was preformed by the Cadnium Reduction Method. 
N itra  Vera 5 N itra te  Reagent Powder P illow  was added to a 25 mL 
a liq u o t and spring water and shaken vigorously fo r  1 minute (m in). 
The sample was allowed to  s i t  fo r  5 min. during which an amber co lo r 
developed. I f  n it ra te  was present, n itra te  concentration was then 
determined by absorbance on a Hach DR 2 spectraphotometer aL 500 nm.
Phosphate analysis was preformed by the Ascorbic Acid method. 
Phos Ver 3 Phosphate Reagent Powder P illow  was added to 25 mL o f 
spring water and immediately mixed. I f  phosphate was present a blue 
co lo r developed. Phosphate concentration was developed. Phosphate 
concentration was determined by absorbance or a Hach DR 2 
spectraphotometer at 700 nm.
PRINCIPAL FINDINGS AND SIGNIFICANCE 
A. Pestic ide Analyses
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Analyses showed no contamination by pestic ides fo r  e ith e r 
sampling period fo r  any o f the springs. Many factors  can be 
a t t r ib u te d  to th is  f in d in g . Pesticide use in Northwest Arkansas is 
less intense than in other parts o f the s ta te . A m a jo r ity  o f the 
pestic ides sprayed on a g r icu ltu ra l lands is  used on agronomic crops 
such as soybeans, cotton, and r ic e ,  and on h o r t ic u l tu ra l  crops. 
Northwest Arkansas does have a small percentage o f each, but cow 
pastures and woodlands cover a large part o f the land here. Forage 
crops such as a l fa l fa  and fescue are sprayed p e r io d ic a l ly  with 
pestic ides. Applications are usually post emergence and not pre­
p lant incorporated or pre-emergence. Therefore, less pestic ide  is 
applied d i r e c t ly  to the so il in Nothwest Arkansas than in other 
parts o f the s ta te . These crops form a much denser canopy of 
vegetation over the so i l  at times o f app lica tion , than do row crops, 
hence a la rge r percentage o f the pestic ide is  retained on the plant 
where i t  is  ava ilab le  fo r  p lant uptake, photodecomposition, and 
v o la t i l i z a t io n .  This s i tu a t io n  suggests tha t a smaller percentage 
o f the sprayed pestic ide  reaches the so il surface. Pesticide that 
does reach the so il  surface is  l i k e ly  to undergo chemical and 
microbial decomposition.
B. N itra te  and Phosphate Analysis
The United States Environmental Protection Agency has 
established a l im i t  o f 45 mg/L fo r  n i t ra te  in drink ing water. In 
th is  study the highest concentration o f n i t ra te  in any spring
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sampled in e i th e r  sampling period was 33 mg/L (Table 3). Land in 
Northwest Arkansas receives heavy applications o f chicken manure, 
but n i t ra te  leve ls  in spring water in Northwest Arkansas are below 
EPA health advisory leve ls . No health advisory l im i t  ex is ts  fo r  
phosphate in d r ink ing water.
Plants such as t a l l  fescue can accumulate n i t ra te  leve ls  tha t 
are to x ic  to c a t t le  when heavy applications o f nitrogen have been 
made to pastures and cloudy days are present. A n tic ipa tion  o f th is  
event could prevent l ives tock  producers from applying excessive 
amounts o f  chicken manure to th e i r  pastures and help explain the 
safe n i t r a te  leve ls .
CONCLUSIONS
A gricu ltu re  is  dependent upon pestic ides to reduce human labor 
inputs and to lower costs o f production. Contamination o f ground 
water in the United States is  occurring. Since many states have no 
pestic ide  monitoring programs, or only l im ite d  ones, the extent of 
th is  problem has not yet been determined. In areas where groundwater 
contamination has occurred, data are lacking tha t w i l l  give 
s c ie n t is ts  an approximation o f how long the po llu tan ts  w i l l  pe rs is t .  
In Arkansas, some pestic ide monitoring has taken place in the Delta, 
a region tha t is  in te ns ive ly  farmed. Pesticide monitoring o f ground 
water in Northwest Arkansas has been minimal,so i t  is  imperative 
tha t some monitoring is  ins tiga ted  to determine i f  any contamination 
has occurred and to establish a base l in e  by which fu ture  studies
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TABLE 3
A n a ly s i s  f o r  N i t r a t e s ,  P h o s p h a te s ,  C a lc iu m  a n d  pH .
S p r in g
S i t e
S a m p lin g
P e r io d
pH P04 Ca NO3
C o u n ty m g /L m g /L m g /L
1
1
4
4
5
5
6 
6 
8 
8
12
12
14
14
15 
15 
18 
18 
19
19 
21 
21 
22 
22 
25 
25 
30 
30 
40 
18 
18
20 
20 
21 
21 
22 
22 
23 
23
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
B e n to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
7 . 6 0
7 . 4 4  
7 . 9 3
7 . 3 5  
7 . 6 6  
7 . 8 1
7 . 4 0  
7 .1 5  
7 . 6 8  
7 . 4 7  
7 . 7 4
7 . 1 2  
8 . 1 0
7 . 4 5
7 . 8 5
7 . 0 4  
8 . 0 0
7 . 3 5  
7 . 7 0  
7 . 3 7
7 . 8 5
7 . 2 0  
8 . 0 7
7 . 2 1
7 . 5 0  
7 . 3 0
7 . 1 2  
6 . 9 7
7 . 1 9
7 . 4 0  
7 . 0 1  
7 . 6 3
7 . 2 0
8 . 0 5  
7 . 4 2  
7 . 8 0  
7 .1 1
8 . 2 0
7 . 5 0
0 . 3 7
0 . 1 5
0 . 1 5
0 . 2 2
0 . 2 5
0 . 1 4
0 . 3 0
0 . 2 0
0 . 3 6
0 . 1 4
0 . 3 4
0 . 2 5
0 . 2 5
0 . 0 8
1 . 0 0
0 .1 2
0 . 3 0
0 . 1 8
0 . 2 0
0 . 1 8
0 . 2 1
0 . 8 7
0 . 1 9
0 . 1 0
0 . 2 2
0 .1 4
0 . 1 8
0 . 1 2
0 . 2 3
0 . 3 9
0 . 1 2
0 . 2 0
0 .1 8
0 . 4 5
0 . 2 9
0 . 4 4
0 . 2 4
0 . 3 0
0 . 3 5
5 4 . 4 0
4 9 . 6 0
3 4 . 4 0
3 2 . 0 0
4 3 . 2 0
4 7 . 2 0
4 8 . 8 0  
8 . 0 0
6 3 . 2 0
6 0 . 0 0
3 5 . 2 0
3 3 . 6 0
5 9 . 2 0
5 6 . 8 0
3 9 . 2 0
1 9 . 2 0
5 2 . 8 0
4 4 . 0 0
5 6 . 0 0
5 3 . 6 0
4 4 . 0 0
2 1 . 6 0
4 8 . 8 0
5 7 . 6 0
5 0 . 4 0
5 7 . 6 0
2 8 . 0 0
2 6 . 4 0
4 2 . 4 0
3 6 . 0 0
2 4 . 0 0
6 8 . 8 0
5 1 . 2 0
4 5 . 6 0
4 7 . 2 0
3 7 . 6 0  
3 6 . 8 0
6 4 . 0 0
6 0 . 0 0
1 3 . 2 0  
1 7 . 6 0
1 3 . 2 0
1 2 . 7 6
1 3 . 6 4
1 3 . 6 4
1 6 . 7 2  
1 5 . 8 4  
2 2 . 0 0  
2 2 . 4 4
6 . 6 0
7 . 9 2  
1 1 . 0 0
5 . 2 8
1 1 .8 8
8 . 8 0
8 . 8 0
7 . 9 2  
1 7 .1 6
1 5 . 4 0  
4 . 4 0  
0 . 4 4  
6 . 6 0  
8 . 8 0
1 3 . 2 0
1 2 . 7 6
1 6 . 7 2
1 3 . 4 0  
4 . 8 4  
3 . 9 6  
3 . 0 8
1 1 .0 0
1 2 . 3 2  
2 1 . 5 6  
3 3 . 0 0
8 . 8 0
8 . 8 0
1 4 . 0 8
1 2 . 3 2
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TABLE 3 ( C o n ' t )
A n a ly s i s  f o r  N i t r a t e s ,  P h o s p h a te s ,  C a lc iu m  a n d  pH .
S p r in g
S i t e
S a m p lin g
P e r io d
pH PO4 Ca NO3
C o u n ty m g /L m g /L m g /L
27
27
34
34
40
41 
41 
50
50
51 
51
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
W a s h in g to n
F a l l
S p r in g
F a l l
S p r in g
F a l l
F a l l
S p r in g
F a l l
S p r in g
F a l l
S p r in g
7 . 5 8
6 . 8 9
7 . 9 0  
7 . 2 0  
7 . 3 6  
7 . 9 5  
7 . 1 2  
7 . 4 5  
6 . 8 9  
7 . 7 6  
7 . 1 1
0 .1 7
0 . 1 3
0 . 1 4
0 . 2 0
0 . 2 8
0 . 3 0
0 . 0 9
0 . 2 9
0 . 0 7
0 .1 7
0 .1 7
1 6 . 8 0
2 0 . 8 0
4 3 . 2 0
2 5 . 6 0
4 9 . 6 0
3 5 . 2 0  
2 8 . 8 0  
6 6 . 4 0  
6 4 . 8 0
4 7 . 2 0
5 1 . 2 0
3 . 0 8
2 . 2 0
5 . 7 2
8 . 3 6  
4 . 4 0  
2 . 6 4  
1 . 7 6
8 . 3 6  
7 . 9 2
1 7 .1 6
1 7 .1 6
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can be judged.
Northwest Arkansas is  a leader in pou ltry  production and the 
l i t t e r  from these operations is  spread on the land. As pou ltry  
l i t t e r  decomposes i t  can release n it ra te s  and phosphates (Gilmour 
et a l . 1987).
The pestic ides tha t were analyzed in th is  study were selected 
on the basis o f the re la t iv e  amount used in Benton and Washington 
counties as assessed by county a g r icu ltu ra l extension agents. 
Additional pestic ide  selections were based on th e i r  occurrences in 
ground water in other parts o f the country.
None o f the selected pestic ides were found in the springs 
sampled in e ith e r  the f a l l  o f 1988 or the spring o f 1989. These 
observations suggest tha t pestic ide use is  not cu rren tly  
con tr ibu t ing  to groundwater p o l lu t io n  in Benton and Washington 
counties, and tha t current land management and pestic ide use 
practices in these two counties are sound.
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